Recreational water quality surveillance involves comparing bacterial levels to set threshold values to determine beach closure. Bacterial levels can be predicted through models which are traditionally based upon multiple linear regression. The objective of this study was to evaluate exceedance probabilities, as opposed to bacterial levels, as an alternate method to express beach risk. Data were incorporated into a logistic regression for the purpose of identifying environmental parameters most closely correlated with exceedance probabilities. The analysis was based on 7,422 historical sample data points from the years 2000-2010 for 15 South Florida beach sample sites. Probability analyses showed which beaches in the dataset were most susceptible to exceedances. No yearly trends were observed nor were any relationships apparent with monthly rainfall or hurricanes. Results from logistic regression analyses found that among the environmental parameters evaluated, tide was most closely associated with exceedances, with exceedances 2.475 times more likely to occur at high tide compared to low tide. The logistic regression methodology proved useful for predicting future exceedances at a beach location in terms of probability and modeling water quality environmental parameters with dependence on a binary response. This methodology can be used by beach managers for allocating resources when sampling more than one beach.
INTRODUCTION
) or simply be influenced by the extreme variability in FIB densities over short periods of time (Fleisher a, b) . This variability, in turn, influences the ability to accurately predict real-time advisories based upon a previous day's conditions. Moreover, the variability in FIB measures can be extreme over shorter periods of time (Boehm et al.
;
Boehm ). To better address lag-times and the environmental variability in enterococci levels, this study illustrates the use of logistic regression as a means of predicting beach closures. Logistic regression is well suited for assessing beach closure scenarios due to its ability to predict a binary outcome (in this case beach closure or not) from a series of predictor variables. Logistic regression allows for the conversion of bacterial levels to exceedance probabilities. Consequently the beach manager can better allocate resources when sampling more than one beach. means. The worst rating from these two values is posted. By far, single-sample threshold values are the ones most commonly responsible for the worst ratings. Given the dilutions used in conducting the analyses, the minimum value was set as 0 (lower limit of detection recorded as <1 CFU/ 100 ml) and the maximum limit of detection as the maximum value recorded (600 CFU/100 ml).
METHODS

Study sites
The sites are located in the subtropical region of southeastern Florida (Figure 1 
Statistical analysis
In order to determine an appropriate statistical model, the and was coded as 0, whereas any value that was above the 104 value was considered in exceedance and coded as 1. All statistical tests were generated using Statistical Analysis System software (SAS System) and Excel. 
RESULTS
Historical aspects of sampling
All goodness-of-fit tests for commonly used distributions showed a p value of 0.01 or less. Therefore the data did not fit any of the distributions assessed, and enterococci density did not follow any commonly known distribution.
Probability of exceedances
The historical plot in Figure 
Predictor variables for logistic regression
The logistic regressions showed that, of the environmental predictors included in the model, only tidal conditions showed a statistically significant influence on the presence or absence of an exceedance (Table 1) . Enterococci exceedance was 2.475 times more likely to occur at high tide versus low tide, and 1.252 times more likely at high tide versus slack tide. . When evaluating the data by beach, probability analysis indicated that some beaches were more prone to exceedances than others. There was no apparent geographic trend from north to south.
DISCUSSION
There was no evidence that indicated that adjacent beaches were affecting each other or that one particular regional Beach) that allow dogs, which may explain in part the higher values at this beach. When evaluating the data on a monthly basis, the probability of exceedance did not match seasonal patterns of rainfall nor did it seem to respond adversely to hurricane impacts. This runs counter to studies that find that storm water inputs result in elevated beach bacteria levels.
The difference in these observations is likely due to sampling This work also found that the logistic regression model was well suited for identifying key parameters associated with bacterial exceedances. The logistic regression model can be used in lieu of the more commonly used least squares linear regression. The logistic regression approach models beach opening versus closure (exceedances) which is more in line with the actual decisions that need to be taken by the beach manager. We recommend studies that compare the performance of a logistic regression approach as opposed to the more commonly used least squares linear regression approach.
We recommend that beach managers utilize 'probability of exceedance' information to allocate sampling resources and use logistic regression for the purpose of identifying key environmental parameters that result in beach closures. Moreover, we recommend that beach users be alerted with regard to the probability of exceedance as opposed to 'open' versus 'closed' status from the prior day's measures. This avoids the drawbacks associated with lag times due to sample analyses.
We recommend that the risk to recreational beach use be simply expressed in terms of its exceedance probability.
